Introduction
This chapter explores the interrelationships between early retirement, mental health-including cognition and subjective well-being-and the size and composition of social networks among older individuals in the Survey of Health, Ageing and Retirement in Europe (SHARE). We argue that early retirement has negative side effects on the size and intensity of the retirees' social networks. These side effects appear to explain part of the accelerated cognitive aging that occurs after early retirement.
Early retirement is popular in Europe. It is seen as a much appreciated social achievement that increases personal well-being, particularly among declined during retirement. This controversial fi nding has sparked an entire literature. While there are a few papers with the opposite result (Coe and Lindeboom 2008; Coe et al. 2012 ) based on US data exploiting variation in occupational pension plans, studies based on European data confi rm the early fi ndings Kuhn, Wuellrich, and Zweimüller 2010; Rohwedder and Willis 2010; and Mazzonna and Peracchi 2012) and show that the negative effect on cognition increases with the time in retirement. For a given age, these studies suggest that early retirees suffer more from cognitive and health decline than later retirees.
Research on these often emotional and highly contested issues is complicated by the fact that the measures of well-being, cognition, and health that are commonly available in general purpose surveys may suffer from justification bias (Bound 1991) . That is, early retirees may report worse health in order to justify their early exit from the workforce. Moreover, early retirement is not an exogenous outcome, but is likely to be related to ill health and lower cognitive abilities. For example, persons in bad health are likely to retire earlier but also to report worse life satisfaction. Finally, those that hope or believe that life satisfaction will increase after retirement are more likely to retire at any age. We thus face the usual task of disentangling cause and effect.
The separation of selection effects and reverse causality from the genuine impacts of early retirement on well-being and health requires advanced econometric techniques that tend to make results controversial. The econometric problem is to fi nd a counterfactual value for well-being and health had a person not taken early retirement. The usual instruments for identifying such a counterfactual are policy changes in early retirement rules, such as changes in the pensionable age or changes in the actuarial adjustments. The Survey of Health, Ageing and Retirement in Europe (SHARE), used for this chapter and described in section 6.2, is useful in this respect, as it provides institutional and credibly exogenous variation across countries to provide the necessary counterfactual. Moreover, since SHARE is a panel, the data also include conditioning variables describing health and well-being in earlier stages of life. Part of the difference between the US studies based on occupational pension plans and the European studies based on social security laws may refl ect the better identifi cation possible in the SHARE data.
This chapter goes one step further and investigates potentially causal mechanisms for the effects of early retirement on mental health, especially cognition. Its central hypothesis is derived from the anchoring function of employment: work, even if unpleasant and arduous, provides social contacts. Even disliked colleagues and a bad boss, we argue, are better than social isolation because they provide cognitive challenges that keep the mind active and healthy.
We briefl y describe our data in section 6.2. The current analysis takes advantage of a major innovation in SHARE wave 4, the social network data based on a name generator that identifi es those persons with whom the respondents "discuss things that are important to them," that is, "good or bad things that happen to you, problems you are having, or important concerns you may have."
1 In the fi rst step, we fi nd signifi cant correlations among early retirement, mental health and social networks, which give fi rst evidence for our line of reasoning (section 6.3). This explanation is confi rmed and strengthened in the second step when we control for other possible determinants (section 6.4). Unobserved common factors and potential reverse causality, however, call for an instrumental variable approach. This is done in section 6.5, which is the core of the paper. Using instruments describing the retirement regulations, similar to the approaches taken by Rohwedder and Willis (2010) ; Bonsang, Adam, and Perelman (2010); and Mazzonna and Peracchi (2012) , plus regional variables describing social capital as instruments for the size and intensity of individual social networks confi rms our fi ndings. Section 6.6 concludes.
The SHARE Data
The Survey of Health, Ageing and Retirement in Europe (SHARE, see and Börsch-Supan et al. [2005, 2008, 2011, 2013] ) is a unique multidisciplinary and cross-national panel database of ex ante harmonized micro data on health, socioeconomic status, and social and family networks covering most of the European Union and Israel. To date, SHARE has collected three panel waves (2004, 2006, 2010) of current living circumstances and one wave of retrospective life histories (2008, SHARELIFE) . Six additional waves are planned until 2024. SHARE gives a broad picture of life after age fi fty, measuring physical and mental health, both objectively and subjectively; economic and noneconomic activities, income and wealth by sources; intergenerational transfers of time and money within and outside of the family; as well as life satisfaction and well-being. SHARE is modeled after, and harmonized with, the US Health and Retirement Study (HRS) and the English Longitudinal Study of Ageing (ELSA). In turn, together with these two surveys, SHARE has become a role model for further aging surveys worldwide. SHARE's scientifi c power is based on three key features: its panel design that grasps the dynamic character of the aging process, its multidisciplinary approach that delivers the full picture of the individual and societal aging, and its cross-nationally ex ante harmonized design that permits international comparisons of health, economic, and social outcomes within Europe and between Europe and the United States.
In four waves of SHARE, more than 150,000 interviews have been conducted with about 86,000 respondents age fi fty and over and their poten-tially younger partners in nineteen countries (Austria, Belgium, Switzerland, Czech Republic, Germany, Denmark, Estonia, Spain, France, Greece, Hungary, Ireland, Israel, Italy, Netherlands, Poland, Portugal, Sweden, and Slovenia) .
The SHARE target population consists of all persons born in 1954 or earlier in wave 1 (2004-2005), 1956 or earlier in wave 2 (2005) (2006) , and 1960 or earlier in wave 4 (2010-2011) , who have their regular domicile in the respective SHARE country. A person is excluded if she or he is incarcerated, hospitalized, or out of the country during the entire survey period, unable to speak the countries' language(s) or has moved to an unknown address. In addition, current partners living in the household are interviewed regardless of their age. All SHARE respondents that were interviewed in any previous wave are part of the longitudinal sample. They are traced and reinterviewed if they moved within the country.
Covering the key areas of life, namely health, socioeconomics and social networks, SHARE includes a great variety of information: health variables, physical measures and biomarkers, psychological variables, economic variables, and social support variables as well as social network information. While the regular waves of SHARE, such as waves 1, 2, and 4, deal with the respondents' current living conditions, wave 3 (SHARELIFE) was conducted as a retrospective survey in order to collect information about the respondents' life histories.
The interviewers used computer-assisted personal interviewing (CAPI) to collect most of the data in all waves. In addition, self-administered (drop-off) questionnaires were handed out in waves 1, 2, and 4 after completion of the CAPI. If respondents deceased, end-of-life interviews were conducted faceto-face (CAPI) or by telephone (CATI) with a proxy, collecting the information regarding the respondent's last year of life. Proxy interviews were also used when respondents were not able to do an interview; for example, due to health reasons.
Even though SHARE is a panel survey with a stable core questionnaire over time, innovative research questions, physical measurements, or modules have been incorporated in each wave. For example, in wave 2, two physical measurements-peak fl ow and chair stand-were added (see next section for details). In wave 4 a completely new module-the social networks module based on a name-generator approach-has been implemented to learn more about the social connectedness of respondents. It is one of the key variables in this chapter.
In SHARELIFE, retrospective data with respect to childhood living circumstances, partners, children, accommodation, employment, socioeconomic and health conditions were collected with the help of a "Life History Calendar" similar to the one applied in ELSA. In this chapter, the life histories are essential to reconstruct the life courses of the respondents. One may suspect that this retrospective information provided by respon-dents is incomplete or inaccurate. SHARE has therefore cooperated with the German Pension Fund (DRV) and linked the German survey data with administrative data held by the DRV. These administrative data are much more complete and accurate since they are process generated. We have used these administrative data for this chapter to check the validity of the selfreported employment histories in Germany and found a very close match (Korbmacher 2013) .
From the fi rst wave on, SHARE combined self-reports on health with physical performance measurements. In this chapter, we use grip strength as the most objective measure of physical health available in SHARE.
The core variables in this chapter are based on wave 4 of SHARE. Explanatory and auxiliary variables, however, are taken from all waves. We restrict our analyses on all individuals who are retired, for whom the retirement year could be ascertained (some 21,000 individuals), and who retired at or after the applicable statutory retirement age.
The Triangle of Early Retirement, Mental Health, and Social Networks
Figures 6.1 and 6.2 visualize the main story behind this chapter. Figure  6 .1 shows the decline of cognition by age, separately for early and normal retirees. Cognition is measured by memory ability: the single values in immediate and delayed recall of a ten-word list and the sum of these two scores. The main point is that cognition is at all ages lower for early retirees, corresponding to about 1.5 years of aging on average. Figure 6 .2 shows the number of friends and former colleagues in the social network. While the relation is noisier than that of fi gure 6.1, it exhibits the same pattern: the number of friends and former colleagues in the social network also declines with age, and it is lower at all ages for early retirees.
Not only are cognition and social network size associated with early retirement, they are also correlated with each other, and these triangular relations hold for a broad set of measurement concepts for each of the three domains (see fi gure 6.3). Figure 6 .3 also serves to explain the key variables involved in this chapter. Individuals are categorized as retired when they self-report as retired. We then measure the time elapsed since retirement (time distance since retirement). We distinguish two retirement pathways: normal retirement (NR) at or after the statutory retirement age, and early retirement (ER) for all other labor force exits in the window of early retirement; that is, between the applicable statutory early retirement age and the normal statutory retirement age in each country. The two key variables for retirement are the interactions of a pathway dummy with the time elapsed since retirement: "NRdist" and "ERdist." These variables are of particular interest since they best describe the "dose" of retirement exposure that may have triggered a "response" in terms of social networks and mental health, using the parlance of epidemiology.
Fig. 6.1 Cognition by age and retirement pathway
Source: Own calculations from SHARE waves 1-2, release 2.5.0; wave 3, release 1; wave 4, release 1.1.1; full data set.
Fig. 6.2 Number of friends and former colleagues by age and retirement pathway
Mental health is measured by fi ve variables: the number of words recalled from a list of ten-both immediately (ImmRecall) and delayed (after about thirty minutes) (DelRecall)-and a composite indicator of numeracy. In our later analyses, we will add the scores of immediate and delayed recall and simply call it "Cognition." We add a twelve-item composite scale (CASP-12) designed to measure the quality of life in old age, adapted by SHARE from the original nineteen-item scale (Hyde et al. 2003) , and a depression scale (EURO-D) targeted at severe depression symptoms (Prince et al. 1999) .
We characterize social networks, the third domain in this chapter, by their size (number of individuals mentioned as close confi dants) and their composition, focusing on nonfamily members, including friends and colleagues. More precisely, the variable "sn_size" counts all members of the social network and "friends&c" counts the number of friends and former colleagues/ coworkers in the network. Figure 6 .3 reports the correlations among these variables, based on the working sample that includes all individuals who have retired by wave 4. Asterisks mark statistically signifi cant relationships between the variables (at 1 percent). Time since retirement is signifi cantly related to all mental health variables: it affects cognition and well-being negatively and increases the measure of depressive symptoms. Moreover, the time elapsed after an early retirement has stronger associations with worsening mental health than the time elapsed since normal retirement, although individuals retiring early are almost always younger than those retiring at the pensionable age.
Time elapsed since retirement is also correlated with smaller social networks, both overall and concerning colleagues, friends, and other nonfamily members. Again, this time effect is stronger for early retirees than normal retirees. Correlations with the number of formal helpers have, as expected, exactly the opposite pattern.
Finally, the association between social networks and mental health is highly signifi cant. Larger social networks are strongly associated with better cognitive abilities, higher subjective well-being, and less depression.
The main questions of this chapter are now whether these relations uphold when the infl uence of other variables (section 6.4) and potential reverse causality are accounted for (section 6.5).
Controlling for Other Determinants
The correlations depicted may have many reasons. An underlying common cause could be physical health. Individuals with worse physical health tend to retire earlier. They may have mobility problems and therefore less ability to maintain their social network. Suffering from bad physical health is likely to reduce well-being and increase depression, and to reduce mental health and cognition either directly (biologically) or indirectly (psychologically).
Demographic variables such as age, gender, and marital status also affect all three variables. Retirement rules are age and gender specifi c in all SHARE countries; age, gender, and marital status are signifi cant factors infl uencing morbidity, and they are associated with the size and closeness of social networks. Also education is likely to modify all the observed associations.
The following regression analyses control for these background variables. Health is characterized by functional abilities (basic activities of daily living, denoted by ADL, independent activities of daily living, denoted by IADL, and the global activity limitation indicator developed by van Oyen et al. 2006 , denoted by GALI), the presence of one or more chronic illnesses (longill), and the objective measure of grip strength (maxgrip) measured in kilograms. We do not correct for subjective health as this is highly correlated with well-being once objective health is controlled for.
Age enters the regression as a quadratic polynomial, education is measured in years, and "couple" indicates that the respondent lives in a partnership, whether married or not. Table 6 .1 reproduces the fi ndings quoted in the introduction to this chapter. Dependent variables are the cognition measures described in section 6.3, and the main explanatory variables are two variables indicating time spent in early and normal retirement (ERdist and NRdist). Columns (1), (3), and (5) show that retirement affects cognition even when other potential determinants are held constant. We are aware that such a regression may possibly refl ect reverse causality. We will address this in section 6.5. Table 6 .2 shows that part of the explanation for this relation may be social networks. Adding the social network variables to the regression in table 6.1 increases the fi t of the regression and reduces the coefficients of the early retirement variables. The social network variables have signifi cant effects on cognition: network size in general and the number of friends and former colleagues in particular signifi cantly increased cognition. Indeed, as table 6.3 shows, early retirement has a direct effect on the total size of the social network, and also on the number of friends and former colleagues in the social network.
We tested the robustness of these results against unobserved coun- try effects since there are large differences in all three domains across the SHARE countries. The northern countries are healthier, while the social networks in the southern countries are larger. Retirement rules are also very different across countries. These differences may refl ect cultural and historical differences common to the three domains (retirement, cognition, and social networks) and might thus cause the observed correlations without a genuine relationship among the three domains. that the correlations between the three domains are not due to unobserved country specifi cities.
Accounting for Reverse Causality and Common Unobservable Factors
The regressions in section 6.4 may suffer from endogeneity bias. As pointed out in the introduction, the correlation between early retirement and weak cognition may be due to two mechanisms that run in opposite directions: in addition to the causal effect of retirement on cognition and, more general, mental health, weak cognitive abilities may precipitate early retirement because employers tend to hold on to the most productive workers, selecting out less productive ones.
In order to isolate the fi rst of the two mechanisms, we use instruments that capture retirement regulations. Such instrumental variables will change cognition if the fi rst mechanism is active, but are not affected by individual cognition. This identifi cation strategy is similar to the approaches taken by Bonsang, Adam, and Perelman (2010) , Rohwedder and Willis (2010) , and Mazzonna and Peracchi (2012), but we exploit more individual variation (see fi gure 6.4). More precisely, we instrument the time after early retirement by the difference of the individual's age and the statutory eligibility age for early retirement (LERdist), and the time after normal retirement by the difference of the individual's age and the statutory eligibility age for normal retirement (LNRdist), both based on the information about the statutory eligibility age provided by national authorities, the Social Security Association, and the MISSOC database.
2 The latter is generated by the European Commission (various years) and various other auxiliary data sources.
3 These statutory eligibility ages vary by time, cohort, and gender, providing the individual variation mentioned earlier.
There is a good reason to also be careful with the exogeneity of the number of friends and former colleagues in the social network. While it appears farfetched that the size and intensity of social networks cause early retirement, cognition and social network size and intensity may be caused by similar unobserved variables. Unobserved health and psychological characteristics may reduce cognition and cause an increasing distance to friends and former colleagues as these individuals age. We therefore exploit regional variables drawn from external sources that describe social capital to instrument for the size and intensity of individual social networks. Specifi cally, we use the regionally aggregated means of the variable called "trust in other people" (agg_trust) from the European Social Survey (ESS) wave 2 (2004), which is available for all involved SHARE countries. The regions (on the so-called NUTS-1 level) represent states or departments within each country. A second instrumental variable is the logarithm of population density in 2010 by NUTS-1 regions (lpden) from Eurostat. Note that it is unlikely that these variables affect individual cognition directly while they affect cognition indirectly through their effect on social networks.
Tables 6.4, 6.5, and 6.6 report the fi rst stage regressions and show the predictive power of the instruments for the potentially endogenous variables. The rightmost columns include country dummies and interactions of the country dummies with age. The cognition measure is the sum of the scores from the immediate and the delayed word recall. All F-tests are highly signifi cant. The policy variables (LRNdist and LERdist) are highly signifi cant for the time since retirement, while the social capital variables (agg_trust and lpden) are highly signifi cant for the number of friends and former colleagues in the social networks.
Our main results from the second stage are displayed in tables 6.7, 6.8, and 6.9. Table 6 .7 confi rms our fi ndings from fi gure 6.2 and table 6.2 in this instrumental variable regression. The number of friends and colleagues in the social network declines with the time since retirement, holding age and age squared constant. This effect is larger for the early retirees as compared to the normal retirees. Note that both effects are highly signifi cant in the full specifi cation. Table 6 .8 shows the effects for the time since retirement on cognition, corresponding to fi gure 6.1 and table 6.1, but taking account of potential endogeneity. It has the same pattern: cognition declines with time spent in retirement, and this effect is larger for early retirees than normal retirees. Both effects are highly signifi cant in the full specifi cation. Prob > F = 0.0000 Prob > F = 0.0000 Prob > F = 0.0000 ***Signifi cant at the 1 percent level. **Signifi cant at the 5 percent level. *Signifi cant at the 10 percent level. Notes: Column (4) also includes country dummies and age interactions with country dummies. Robust standard errors in parentheses. Prob > F = 0.0000 Prob > F = 0.0000 Prob > F = 0.0000 ***Signifi cant at the 1 percent level. **Signifi cant at the 5 percent level. *Signifi cant at the 10 percent level. Table 6 .9 adds the number of friends and former colleagues in the social network to the IV-regression in table 6.8. It is signifi cant in all specifi cations and reduces the coefficients of the retirement duration variables by about a third, relative to the full specifi cation. We conclude that part of the nexus between retirement and cognition works through the shrinkage of social networks, here measured by the declining number of nonfamily members, namely friends and former colleagues.
Tables 6.10, 6.11, 6.12, and 6.13 explore the robustness of this result. Tables 6.10 and 6.11 employ alternative social network variables. In table  6 .10, we replace the size by the intensity of the contacts to friends and former colleagues. We obtain very similar results, although the signifi cance levels are lower. The same holds if we use the distance as an indicator for the quality of the social network (table 6.11). Tables 6.12 and 6.13 fi nally employ interactions between the size and the quality of the social network. We obtain results very similar to tables 6.9 through 6.11, confi rming the robustness of our fi ndings. Notes: Column (4) also includes country dummies and age interactions with country dummies. Robust standard errors in parentheses. ***Signifi cant at the 1 percent level. **Signifi cant at the 5 percent level. *Signifi cant at the 10 percent level.
Conclusion
Is early retirement bliss? Evidence from earlier studies has placed this assumption in doubt. Early retirement may actually be a mixed blessing because cognition declines. Moreover, the effect of early retirement on subjective well-being seems to be negative and short lived rather than long lasting and positive. This chapter has explored one mechanism that may explain why early retirement contains negative effects: the erosion of social networks after retirement. Social isolation, in turn, diminishes the day-to-day challenges that keep people mentally fi t and well because, ultimately, human beings are social entities. We fi nd evidence that retirement in general, and early retirement in particular, reduces the size of the social network, and in particular the number of friends and other nonfamily contacts in the interpersonal milieu (and not only the number of immediate colleagues). Our fi ndings are robust and take account of the potential endogeneity of cognition and common unobservables in cognition and social network size and quality. The instruments seem to work well. An even better identifi cation strat- Notes: Column (4) also includes country dummies and age interactions with country dummies. Robust standard errors in parentheses. ***Signifi cant at the 1 percent level. **Signifi cant at the 5 percent level. *Signifi cant at the 10 percent level.
egy would be to exploit variation in social networks over time. While SHARE contains some indicators of social isolation in earlier waves, the sample sizes of these prototypical earlier waves were much smaller and this strategy failed due to too few observations. Since SHARE will include the social network measures again in wave 6, such analyses will be part of our future work. A Notes: Column (4) also includes country dummies and age interactions with country dummies. Robust standard errors in parentheses. ***Signifi cant at the 1 percent level. **Signifi cant at the 5 percent level. *Signifi cant at the 10 percent level. Notes: Column (4) also includes country dummies and age interactions with country dummies. Robust standard errors in parentheses. ***Signifi cant at the 1 percent level. **Signifi cant at the 5 percent level. *Signifi cant at the 10 percent level.
second direction of our future work will exploit the job characteristics available in SHARE to account for differences in the physical demands, the stress levels, and the effort-reward balance in the last working place.
